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President-Major-General P. H. HENDERSON, C.B., D.S.O. [April 8, 1935] Some Atmospheric Hazards Encountered in Naval Life By Surgeon-Captain SHELDON F. DUDLEY, O.B.E., M.D., B.S., F.R.C.P., D.P.H., D.T.M., R.N.
THESE discursive remarks are intended to draw attention to a few of the ways in which the surrounding air may imperil the life or health of the sailor. The subject is far too large to allow of more than a mere indication of a few of its more important, interesting, or recent aspects.
The changes which may occur in the atmospheric environment and affect health may be divided into three classes.
(1) Extreme physical changes, without alteration in the chemical composition of the air-such as high and low temperature, high and low barometric pressure, or violent movement of air in blizzards, whirlwinds, and so on.
(2) Variation in the proportion of the gases which normally compose the air. e,g. deficiency of oxygen, excess of carbonic acid, and changes in the humidity.
(3) The addition of poisonous substances to the atmosphere, e.g. dusts, smoke, coal-gas, or other noxious vapour. As regards this last class, only accidental contaminations will be considered; the deliberate use of poisonous gases as a war weapon and the diffusion of industrial dusts are not included.
Incidentally the atmosphere may become prejudicial to health by a combination of two or more of the kinds of changes given above. A deficiency of oxygen, negligible at normal barometric pressure, may become serious at low pressures such as are encountered in high flying or on mountain tops, and air at a temperature of 1000 F., when saturated with water vapour is incompatible with life, although conditions may be quite comfortable in dry air at this temperature.
Hot atmospheres.-When the temperature of the air, as registered by the drybulb thermometer, approaches that of the human body, the wet-bulb temperature, which indicates the potential cooling power of the air, is the important index on which to judge the suitability of a hot atmosphere for human occupation, e.g. say the wet bulb registers 800 F., the conditions of comfort will be practically the same whether the dry bulb measures 1200 or 856 F. (provided the air movement is the same on both occasions). Yet, although we all realize this, human nature being what it is, we are unable to resist the lure of high figures. and are prone to boast of our fortitude in having endured a temperature of 1200 F. in the dry Egyptian desert to the man who admits that he felt like a rag at 850 F. in the steamy atmosphere of the Persian Gulf. So conservative are we, that sometimes even to-day only the dry-bulb temperature is used as an aid in judging the advisability of going into tropical rig, or the amount of hardships endured by those who have to work in high temperatures.
In hot atmospheres the amount of movement of the air is all important, and for this reason the katathermometer should be the instrument of choice in estimating the salubrity of the atmospheric environment, because this instrument measures directly the cooling capacity of the air at approximately normal body temperature. The dry katathermometer estimates the cooling action of the air on the human body when the skin is dry and the cooling effect of evaporation is not at work. In hot climates and places where the temperature is at or above the body temperature, heat loss depends almost solely on the evaporation of sweat and the wet katathermometer must then be used. In fact, this instrument may be looked on as a small model of a sweating man. In using it one takes the time the temperature drops from 100i to 95°F. This time in seconds divided into a factor which is marked on each instrument, gives the " kata figure," which is the number of microcalories per second per sq. cm. of surface, lost at approximately normal body temperature.
At temperatures exceeding 950 F. the dry katathermometer cannot be used, as cooling at body temperature then depends almost entirely on evaporation. An example from a series of katathermometer readings which Were made on a cruiser in tropical waters will make the use of the instrument clearer (Dudley, 1928) . The cruiser's switchboard room was one of the hottest places in the ship. It was supplied with a powerful table fan to keep the air in motion. When the dry katathermometer, previously cooled to 950 F., was held just in front of the fan it went up, because the air was 1170 F., and the closer the instrument was brought to the fan the faster the index column rose, which showed that the more rapid the motion of the air the more rapidly the instrument was heated. But although the wet-bulb temperature at this time was 920 F., so great was the draught from this fan that a wet katathermometer, held a foot in front of it, dropped from 1000 to 950 F. in 37 seconds, which corresponded to a wet " kata figure" of 12-6. Incidentally, a figure of 10 is quite comfortable when one is in tropical clothing. The figure of 12-6 was, of course, only directly in front of the fan. In the centre of the compartment the figure was only 3'8, an almost unbearable atmosphere to most people. Nevertheless, four switchboard watchkeepers did light work in this atmosphere for six hours a day, for weeks on end, without any bad effects; they wore only a pair of shorts, and were bathed in sweat. It would appear to require a certain time to become acclimatized to such ani atmosphere, because I felt faint and uncomfortable during the half hour I spent in this room collecting my data, and afterwards had a slight headache.
The contrast in the behaviour of the dry and wet katathermometers in the switchboard room illustrates the fundamental physiology and physics of human heatstroke. The men, while in this atmosphere, were soaked in perspiration, the evaporation of which kept their temperature down just as in the case of the wet katathermometer. Seeing that dry-bulb temperatures of over 1300 F. had been recorded in the switchboard room's log book, with wet-bulb temperature only six or so degrees below normal body temperature, the sweating mechanism was able to keep the men's temperature 300 or more below that of the surrounding air.
In heat-stroke and the hyperpyrexia of certain fevers the sweat glands cease to function-as indicated by the dry skin-and the body will then act like a dry kata. thermometer. If the air is hotter than the patient, the more one fans him the more quickly his temperature will rise. If now one makes the patient imitate a wet katathermometer by wrapping himself up in a wet sheet, the water in the sheet replaces his absent sweat, so that now the more vigorously he is fanned the more quickly he will get cool.
The evaporation of 1 c.c. of water abstracts 500-600 gram calories of heat from its immediate surroundings-a fact never to be forgotten in the tropics at times when no ice is available.
While on the subject of high temperatures, I would like to draw attention to some recent work by Crowden (1934) General Henderson (1934) , the Army's Director of Hygiene, says that: " The insides of tents where foil was applied, instead of being almost unbearable from the excessive heat, were compared to the shade of a tree covered with thick foliage." It needs no imagination to see how valuable this form of heat protection would be in the Navy. Besides being much cheaper than any other type of lagging which is equally effective, aluminium foil is relatively many times lighter. In warships, efficient heat-insulation has heretofore had to give way to prior considerations of weight. It would probably be found possible by lagging with asbestos reinforced foil, to prevent the escape of " wild heat" from the engine and boiler rooms, and limit the entrance of solar radiation through the decks and sides of the sick bay and all living spaces of the ship, at a cost in money and weight considerably less than is at present incurred in extra awnings, side screens, and the steel lagging of certain special parts of the ship. One can envisage how a Red Sea sloop or a river gunboat, at present more comparable to red-hot sardine tins, could be transformed into cool retreats from the burning sunshine and dazzling glare of a tropical sea or river.
Caisson disease.-The next atmospheric hazard is increased atmospheric pressure. Pressures which are much greater than at sea-level have to be endured by divers, and by the victims of. a submarine disaster, because, before they escape from the boat, the air pressure inside has to become equal to that of the water outside the boat in order to raise a hatch. Under ordinary conditions the barometric pressure inside a submarine is about the same as that at sea-level, to whatever depth she dives-the excess of hydrostatic pressure being taken by the hull.
Exposure While on the subject of submarines, the possibility of two other lethal gases contaminating the boat's atmosphere has to be mentioned. When sea-water gains access to the secondary electric batteries of a submarine it will be electrolysed and chlorine may be evolved in dangerous quantities, a cause of some accidents in the past. The other poisonous gas is arseniuretted hydrogen. Some unique cases of chronic poisoning by this gas, as distinct from acute poisoning in industrial processes, happened during the war. The history of the incident is instructive (Dudley, 1919-20) . Some men from the Harwich submarines were sent to Chatham Naval Hospital, and were supposed to be suffering from carbon monoxide poisoning.
I was asked to examine their blood for carbon monoxide. When I saw the men they were slightly jaundiced. They gave a history of having been violently sea-sick, although many were hardened seamen who had never been sick in their lives. They also stated that at the time of their sickness they had noticed that their urine was port-wine coloured. Blood,counts revealed that some of them had less than two million red cells per c.mm. This combination of symptoms and history could only be produced by one thing-arseniuretted hydrogen. The Admiralty were therefore informed that there was arseniuretted hydrogen in some of the Harwich boats, and on the next day Professor Haldane found it in their battery gases. The source was arsenic in the lead-antimony alloy used for making the secondary battery grids which, owing to the stress of war, was not up to its proper specification. Considering the deadly nature of the gas, it is fortunate that the amount of arsenic was so small, as otherwise one would have expected-from industrial experience of arseniurettedhydrogen poisoning, that when the whole crew of a submarine was submerged for eighteen hours in such an atmosphere, they would have perished, and the boat have been lost without anyone ashore suspecting the real reason of its non-return.
Atmospheres in sealed compartments.-Many disasters in the past have arisen through men entering spaces which have been hermetically sealed for some time previously, such as the double bottoms and bulges of ships. Such spaces may contain practically no oxygen and as much as 97% of nitrogen. The oxygen is absorbed by the linseed-oil in the paint used to protect the interior of sealed compartment, and is not replaced by carbon dioxide as in respiration, combustion, or the oxidation of tobacco, &c. In fact, the gas in such compartments is under a negative pressure, as was noted when holes were drilled in them to get reliable samples of gas for analysis. Anyone entering such an atmosphere is suffocated even more rapidly than he would drown in water, because breathing freely in an atmosphere which is practically pure nitrogen rapidly washes out the reserve oxygen from the lungs and tissue-a reserve ordinarily sufficient to allow a man to survive three or four minutes under water if he holds his breath.
The bodies of men who have been suffocated in sealed compartments often exhibit a lifelike pinkish complexion, an appearance which has sometimes been responsible for a false diagnosis of carbon monoxide poisoning. This type of sudden death is always due to lack of oxygen; although carbon monoxide is often present, yet death from that poison is a relatively slow process. In a man found dead from carbon monoxide poisoning, the blood will be found to be from 70% to 80% saturated with the gas, and after death the gas will remain bound to the haemoglobin for months. Therefore a man who is brought out dead from a sealed compartment cannot have died from carbon monoxide poisoning if the gas is not easily detected in his blood. The most delicate test for carbon monoxide in the blood is Hartridge's reversion spectroscope, the use of which has been described in detail by Frederick (1931) . With this instrument one can detect traces of carbon monoxide in the blood of a subject who has just smoked a couple of cigarettes. In some investigations in which mice were exposed to various concentrations of the gas, Frederick was able to detect it in the blood of the control mice. This was puzzling till it was realized that the animals' cage was on a shelf above a gas-ring which was used for boiling up their food, and this gas ring was the most probable source. Although the gas is easily detected in one who has been fatally poisoned before being removed from contact with it, yet, if the man survives, or lives for some time after having been removed from the poisonous atmosphere, the carbon monoxide may have all been washed out of his system by the time a sample of blood is obtained for examination, and the gas will disappear still more rapidly should oxygen and carbon dioxide have been used to resuscitate the victim. This is the reason for the Admiralty order requesting that blood from suspected cases of carbon monoxide poisoning should be collected at the earliest possible moment after the exposure to the suspected atmosphere. Of course, even if blood-collecting apparatus is handy, the medical officer must concentrate on resuscitating the victim before worrying about getting a sample of his blood.
The story of the discovery that carbon monoxide was a common constituent of the atmosphere in sealed compartments is worth recording. A man entered a ship's bulge before it had been ventilated as required by the regulations. He was brought out dead and the corpse exhibited the pinkish colour mentioned above, so that at first the man was thought to have died of carbon monoxide poisoning. In a sample of his blood, taken at the autopsy and examined at Greenwich, no trace of the gas was detected. Therefore it was evident that the man had not died from carbon monoxide poisoning but had been suffocated in an atmosphere deficient in oxygen. It had, of course, been known for many years that the oxygen in these sealed compartments disappears after they have been closed for some time. However, in view of the original diagnosis of carbon monoxide poisoning, chiefly in order to satisfy those concerned, it was decided to analyse the air of some sealed compartments. Contrary to all expectation, it was then discovered that dangerous amounts of carbon monoxide could be present in them. Nevertheless, as there was practically no oxygen in these atmospheres, a man would "drown " in them long before he could absorb a physiologically significant quantity of carbon monoxide. Thus a false diagnosis of death from carbon monoxide poisoning led to the discovery that the victim had been asphyxiated in an atmosphere which probably contained carbon monoxide, but that the latter gas had nothing to do with his death. An event in some ways analogous to the false diagnosis of death from caisson disease in the victim of the submarine disaster who most probably died from mechanical rupture of the lung.
Further investigations (Dudding, Dudley, and Frederick, 1931) showed that the source of the carbon monoxide was the linseed-oil in the paint used to protect the inside of the compartments which, while it absorbs the oxygen, gives off small quantities of the former gas.
At first sight it might appear as if the presence of carbon monoxide in such atmosphere was of little practical importance, as any subjects exposed to them would die of oxygen-lack, long before they could absorb a dangerous amount of carbon monoxide. But this is not necessarily true, because it was found possible to arrange conditions with sealed petrol-tins, paint, and mice, so as to produce an atmosphere that would support respiration long enough for the mice to die of carbon monoxide poisoning, as was proved by finding their blood to be from 70 to 80% saturated with the gas (Dudley, Edmed, and Frederick, 1933) . These experiments demonstrated that the same thing might happen when men and sealed compartments were substituted for mice and petrol-tins. For instance the atmosphere in the compartment might originally contain too little oxygen to support life, but if, after being opened, it was only partially ventilated, enough oxygen might have been introduced to make the air respirable, but enough carbon monoxide left in it to leave the air poisonous. Thus the order designed to prevent such accidents must be carried out strictly, as the air may become breathable before it becomes safe.
The result of the investigations at Greenwich makes it not improbable that the incomplete ventilation of a compartment containing carbon monoxide was the cause of a catastrophe in U.S.S. New York (Anon. 1931) in which nine men entered a bulge and showed symptoms more consistent with carbon monoxide poisoning than with ordinary asphyxia. Moreover carbon monoxide was found in the blood in the only two fatal cases. A similar accident also occurred in U.S.S. Nevada. The American naval authorities were at a loss to account for the origin of carbon monoxide in these disasters, but there can now be little doubt that it came from the paint.
Smoke fumes and carbon tetrachloride.-Gassing by the fumes produced in accidental fires is not uncommon. Olsen, Ferguson, and Scheflan (1933) have shown that the complete or partial combustion of common materials such as clothes, furniture, wood, paper, and indiarubber can produce the following gases in dangerous concentrations:-carbon monoxide and carbonic dioxide, sulphuretted hydrogen, hydrocyanic acid, sulphur dioxide, ammonia, and nitrous fumes. These gases are all either asphyxiants or lung irritants and need no further comment except to note, as regards the fighting services that nitrous fumes are of special importance, since they are given off in quantity when cordite or other nitrogenous explosives are ignited, and were the cause of some naval casualties during the Great War.
The following history of two cases of a different type of gas-poisoning which arose.in connexion with accidental fires is interesting (Dudley, 1935) :-A man was admitted to hospital with symptoms of gastritis which disappeared within forty-eight hours by which time he had developed jaundice. His urine then became very scanty and albuminous, and the urea concentration and blood-pressure steadily mounted until, on the ninth day after his admission, he developed pulmonary cedema, uremic convulsions, and finally coma. His life was now despaired of, but he suddenly got polyuria and made a miraculous recovery. After having been tentatively diagnosed as one of gastritis and catarrhal jaundice, the case was officially classed as one of acute nephritis. During this patient's convalescence another man was admitted with abdominal pain and heematemesis. These symptoms subsided rapidly and were not succeeded by jaundice or any other noteworthy signs except almost complete anuria. The patient gave a history of having spent some time on the day before the onset of his symptoms in putting out a fire in a small enclosed space, with patent spray extinguishers. Now, at first, this incident seemed irrelevant until it was found out that the spray consisted of carbon tetrachloride (CdC14). This substance belongs to the organic halogen compounds, many of which are known to have a selective poisonous action on the kidneys and liver. In fact carbon tetrachloride was once used as an anesthetic; but its use was abandoned when it was found to be more poisonous than its close chemical relative, chloroform (CH.C1a). Carbon tetrachloride is commonly used as an antihelminthic and its action in damaging the kidneys and liver of especially susceptible subjects, when taken by the mouth, is well known. Therefore there was little doubt that this second patient was suffering from the effects of carbon tetrachloride vapour poisoning. Sir William Willcox, who saw the patient, confirmed this diagnosis. The man had anuria for ten days during which his blood-urea rose to 300 mgm. per 100 c.c. He was mentally normal and felt comparatively well all the time. On the eleventh day the kidneys began to function again and he was practically well within a fortnight. This was one of the most remarkable and prolonged cases of complete suppression of urine ever recorded.
Let us now return to the first case supposed to be recovering from an infective nephritis, a diagnosis with which I was still satisfied, even after the second case had been recognized as one of carbon tetrachloride poisoning. In casual conversation the patient was asked if be had bad anytbing to do with fire extinguishers. " Oh yes," he replied, " I put out a fire in the ship's office with a spray extinguisher the day before I went sick." At once all the anomalies and peculiarities of this patient's illness disappeared as his case was reviewed on the assumption that he had been poisoned by carbon tetrachloride. A similar case was reported from Paris, following the use of a spray fire extinguisher, and further cases in all aspects like these two have resulted from the use of carbon tetrachloride for dry cleaning, when there was no admixture with smoke fumes.
The literature shows that poisoning with carbon tetrachloride vapour generally begins with stomach symptoms (hence the original diagnosis of gastritis in the first case) followed shortly by jaundice (hence the second diagnosis of catarrhal jaundice) and frequently the kidneys show a greater or less degree of parenchymatous necrosis (which had led to a third diagnosis of infective nephritis).
The most instructive lesson of this episode is the missing of the diagnosis in the first case by several physicians of at least average ability, and who, by force of their naval and active service experiences, had far more knowledge of gas poisoning and atmospheric hazards than the great majority of medical men outside the services. Moreover, the diagnosis in the second case also would probably have been missed unless one of the hospital officers had happened to know that the patent fire extinguishers in question contained pure carbon tetrachloride, a fact which is by no means common knowledge. If, under such favourable circumstances, cases of carbon .tetrachloride vapour poisoning were missed, it is possible that many such have been overlooked elsewhere and have been diagnosed as ordinary examples of gastritis, influenza, jaundice, or nephritis.
JULY-UNIT. SEB. 2 * Incidentally, it must not be considered that these accidents should in any way prohibit the use of the valuable type of fire extinguisher concerned. Such extinguishers must have saved many lives and much valuable property, and, at the most, they can only have caused a few cases of temporary non-fatal illness in especially susceptible subjects.
